WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 . 
C08L 67/02 



Al 



(11) International Publication Number; WO 98/D7786 

(43) International Publication Date: 26 February 1998 (26.02.98) 



(21) International Application Number : PCT/US 97/ 1 452 1 

(22) International Filing Date: 19 August 1997 (19.08.97) 



(30) Priority Data: 

60/024,300 
08/910,606 



22 August 1996 (22.08.96) US 
13 August 1997 (13.08.97) US 



(71) Applicant: EASTMAN CHEMICAL COMPANY [US/US]; 

100 North Eastman Road, Kingsport, TN 37660 (US). 

(72) Inventors: LONG, Timothy, Edward; 404 Dunwoody Court. 

Biountville, TN 37617 (US). BAGROD1A, Shriram; 2649 
Suffolk Street, Kingsport, TN 37660 (US). MOREAU. 
Annick; "Chez Thiolay", F-74500 Saint Paul cn Chablais 
(FR). DUCASSE, Vincent; 36, rue Segalier, F-33000 
Bordeaux (FR). 

(74) Agent: HARDING, Karen, A.; P.O. Box 51 1. Kingsport, TN 
37662-5075 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR. 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES. FI, GB, GE, 
GH, HU, IL, IS, JP, KE, KG. KP, KR, KZ, LC, LK. LR. 
LS, LT, LU. LV, MD, MG, MK, MN, MW, MX, NO, NZ, 
PL, PT, RO, RU, SD, SE, SG, SI, SK, SL. 17, TM, TO, 
IT. UA, UG, UZ, VN, YU. ZW, ARIPO patent (GH, KE. 
LS, MW. SD, SZ, UG. ZW), Eurasian patent (AM. AZ, BY, 
KG, KZ, MD, RU, TJ, TM), European patent (AT, BE, CH. 
DE, DK, ES, FT, FR, GB, GR. IE, IT, LU, MC, NL, PT, 
SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA. GN, ML, 
MR, NE f SN, TO, TG). 



Published 

With international search report 



(54) Title: PROCESS FOR IMPROVING THE FLAVOR RETAINING PROPERTY OF POLYESTER/POLYAMIDE BLEND CON- 
TAINERS FOR OZONATED WATER 

(57) Abstract 

The present invention relates to a process for minimizing the formation of undesirable byproducts in ozonated liquids comprising 
the steps of providing a container comprising a polyester comprising repeat units from a dicarboxylic acid component comprising at least 
about 65 mole percent terephthalic acid, 2,6-naphthalenedicarbox yiic acid or a mixture thereof and at least about 85 mole percent ethylene 
glycol, and from about - to about - weight % of at least one poly amide which displays a melting point below that of said polyester, and 
filling said container with an ozonated liquid. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Arm coil 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


Ml) 


Republic of Moldova 


TG 


Togo 


BB 




GH 


Ghana 


MC 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


llie former Yugoslav 


TM 


Tartan ffifstaa 


BF 


Burkina Fuo 


GR 


Greece 




Republic of Macedonia 


TR 


Tarkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


Unked States of Ame 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


VZ 


Uibckistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NI. 


Netherlands 


YO 


Yugoslavia 


CI! 


Switzerland 


KG 


Kyrgywian 


NO 


Norway 


ZW 


Zimbabwe 


a 


Cote d'lvoire 


KP 


Democratic People*s 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


FL 


Poland 






CN 


China 


KR 


Republic of Korea 


VI 


Portugal 






CO 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CI 


Czech Republic 


LC 


Sain! Lucia 


KU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SU 


Sudan 






DK 


Denmark 


UC 


Sri Lanka 


St 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/07786 



PCT/US97/14521 



PROCESS FOR IMPROVING THE FLAVOR RETAINING 
PROPERTY OF POLYESTER/POLY AMIDE BLEND CONTAINERS 
FOR OZONATED WATER 

S EMSLM Invention 

The polyester container market for carbonated and still mineral water and 
other liquid products requires exceptionally low levels of acetaldehyde (AA) and/or 
other flavor-affecting compounds which can contribute to undesirable taste. 
Ozonation via treatment with free ozone, whicn is frequently used to purify such 
10 liquid products, especially water, can result in formation of these flavor —affecting 
compounds as byproducts of the ozonation process. The present invention relates 
to containers capable of preventing generation of AA or other flavorants which 
result as a byproduct from the ozonation process. 

15 Background of the Invention 

AA is an inherent side product which is generated during the polymerization 
melt phase and subsequent processing of PET and other polyesters into useful 
articles such as containers Some amount of residual AA may remain in the finished 
articles. The amount of residual AA level depends in pan on the conditions used to 

20 process. For example, poly(ethylene terephthalate) (PET) resin prepared using 

dimethyl terephthalate (DMT) leads to typically 9-10 ppm AA in the bottle sidewall; 
however, terephthalic acid (PTA) based PET resins lead to much lower levels of AA 
in the bottle sidewall, i.e., 5-6 ppm. Despite the significant improvement in the PTA 
based resins, this level of AA is still perceived to be too high. In fact, customer taste 

25 testing has indicated that consumers can taste about 20 ppb differences in AA. 

Consequently, there has been significant customer interest in reducing the residual 
AA content as low as possible. 

Because some water may contains various contaminants it is desirably 
disinfected prior to bottling. Chlorination and ozonation are two common methods 
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for disinfecting spring water. The ozonation process leaves residual ozone in the 
water which is subsequently bottled. Ozonated water stored in conventional PET 
containers may acquire an undesirable taste due to the presence of various flavorants 
such acetaldehyde and/or other compounds, some of which may be the byproduct of 
5 the ozonation process. Thus, it is highly desirable to provide containers for use with 
ozonated water that have acceptable flavor retaining properties and clarity. 

U.S. Patent 5,258,233 discloses the use of a blend of a low molecular weight 
polyamide with PET to reduce acetaldehyde In this patent, it is stated that less than 
2% polyamide should be used to minimize coior and haze. Similarly, U.S. Patent 

10 5,266,233 discloses the use of a blend with low molecular weight polyamide with 
PET copolyesters to reduce acetaldehyde U S. Patent 5,340,884 discloses the an 
of precompounding the polyamide with polyesters to create a concentrate that can 
be diluted with a polyester and still yield the desired properties. 

Jammes et al describe the formation and behavior of some keto adds and 

15 aldehydes in drinking water treatment process including an ozonation step (Fr. Rev. 
Sci. Eau (1995), 8(3), 333-54). Specific disinfection byproducts may also induce 
immediate water quality deterioration due to the objectionable organoleptic 
properties. Anderson et al describe in Can. Proc. Water Qual. Technol. Conf. 
(1994), Pt. 1, 871-908 the ozone byproduct formation in three different types of 

20 surface waters. Ozonation byproducts which were examined in this study included: 
acetaldehyde, propanol, butanol, pentanol, hexanol, heptanol, octanol, 
benzaldehyde, glyoxal, and methyl-glyoxal oxalic acid, pyruvic acid, oxalacetic acid, 
and similar organic compounds. 

US 5,362,784 disclosed compositions of polyalkylene imine (PA1), 

25 Particularly polyethylene imine (PEI) and polyester polymers, including copolymers 
and derivatives thereof; such compositions can be used in producing films and 
devices which are capable of scavenging unwanted aldehydes. However, there is no 
disclosure regarding the use of ozonated water in containers made from the resin 
blends. 
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J. Poly. Sci: Part A Polymer Chemistry, 34, 3573(1996) disclosed the use of 
N-dialkyl amides, particularly dimethyl acetamide as sacrificial ozone scavengers, in 
the preparation of functional polystyrene. The publication does not disclose the use 
of polyaxnides either separately or in combination with polyesters. In addition, there 
is no indication that the dialkyl amides improve the flavor of ozonated water 
packaged in polyester containers. 

JP 92-3 1 7959 92 1 1 04 discloses the use of ozone for the disinfection of 
water, typical process and concerns known in the industry. The patent does not 
describe the use of polyaxnides as a method to improve the taste of the ozonated 
water. 

J. Dairy Sci. (1994), 74(1), 96-9 describes the describes the effect of ozone 
on the taste of water packaged in poly(ethyiene) containers. The "off-taste" 
generated during ozonation could be controlled by the treatment of the containers 
with butylated hydroxytoluene (BHT, 385 ppm). The publication does not describe 
the "off-taste" in polyester containers, nor the use of polyamides to improve the 
flavor of the water. 

Description of the Invention 

The present invention relates to a process for minimizing the formation of 
undesirable byproducts in ozonated liquids comprising the steps of: 

providing a container comprising a polyester comprising repeat units 
from a dicarboxylic acid component comprising at least about 85 mole percent 
terephthalic acid, 2,6-naphthaIenedicarboxyiic acid or a mixture thereof and at least 
about 85 mole percent ethylene glycol; and from about 0.05 to about 2 weight % of 
at least one polyamide which displays a melting point below that of said polyester, 
and 

filling said container with an ozonated liquid. 

We have surprisingly discovered that the presence of certain additives in 
polyester based beverage containers reduces the "off-taste" which is imparted to a 
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liquid, such as water by a disinfection process such as ozonation. 
Polyesters 

The polyester, component, of the present invention is a polyethylene 
5 terephthalate (PET) or polyethylene naphthaiate (PEN) resin. Copoiyesters and 
blends of PET and PEN can also be used The polyethylene terephthalate resin 
contains repeat units from at least 85 mole percent terephthalic acid and at least 85 
mole percent ethylene glycol, while the PEN resin contains repeat units from at least 
85 mole percent 2,6-naphthaiene-dicarboxJic acid and at least 85% ethylene glycol, 

10 based on 100 mole percent dicarboxylic acid and 100 mole percent diol. 

The dicarboxylic acid component of the polyester may optionally be 
modified with up to about 1 5 mole percent of one or more different dicarboxylic 
acids other than terephthalic acid or suitable synthetic equivalents such as dimethyl 
terephthalate. Such additional dicarboxylic acids include aromatic dicarboxylic acids 

15 preferably having 8 to 14 carbon atoms, aliphatic dicarboxylic acids preferably 

having 4 to 12 carbon atoms, or cycloaiiphaiic dicarboxylic acids preferably having 8 
to 12 carbon atoms. Examples of dicarboxyiic acids to be included with terephthalic 
acid are: phthalic acid, isophthalic acid, naphthalenedicarboxylic acid (including, but 
not limited to the 2,6-isomer), cyclohexanedicarboxylic acid, cyclohexanediacetic 

20 acid, diphenyl-4,4'-dicarboxy!ic acid, succinic acid, glutaric acid, adipic acid, azdaic 
acid, sebacic acid, and the like. Examples of dicarboxlic acids to be included with 
naphthalene* 2,6-dicarboxylic acid are phthalic acid, terephthalic acid, isophthalic 
acid, other isomers of naphthlenedicarboxylic acid, cyclohexane-dicarboxylic acid, 
cyclohexanediacetic acid, diphenyl-4,4'-dicarboxylic acid, succinic acid, glutaric 

25 add, adipic acid, azelaic acid, sebacic acid, and the like. Polyesters may be prepared 
from two or more of the above dicarboxylic acids. 

It should be understood that use of the corresponding acid anhydrides, 
esters, and acid chlorides of these acids is included in the term "dicarboxylic arid". 
In addition, the polyester component may optionally be modified with up to 
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about 15 mole percent, of one or more different diols other than ethylene glycol. 
Such additional diols include cycloaliphatic diols preferably having 6 to 20 carbon 
atoms or aliphatic diols preferably having 3 to 20 carbon atoms. Examples of such 
diols to be included with ethylene glycol are: diethylene glycol, methylene glycol, 
5 1,4-cyclohexanedimethanol, propane- 1 ,3 -diol, butane- 1,2-diol, pentane- 1,5 -diol, 
hexane-l,6-diol, 3-methylpentanediol-(2,4), 2-methyIpentanediol-(] f 4) t 
2,2,4-trimethylpentane-dioi-(I,3), 2-ethyihexanediol- (1,3), 
2,2-diethylpropane-diol-(l,3), hexanedioI-(l,3), l,4-di-(hydroxyethoxyH>enzene, 
2,2-bis-(4-hydroxy-cyclohexyl)-propane, 2,4-dihydroxy- 1 , 1 ,3,3-tetramethyl- 
10 cyclobutane, 2,2-bis-(3-hydroxyethoxyphcnyI)-propane, and 

2,2-bis-(4-hydroxypropoxyphenyl)-propane. Polyesters may be prepared from two 
or more of the above diols. 

The polyethylene terephthalate resin may also contain small amounts of 
trifiinctional or tetrafiinctional comonomers such as trimellitic anhydride, 
15 trimethylolpropane, pyromellitic dianhydride, pentaerythritol, and other polyester 
forming polyacids or polyols generally known in the an. 

Preferably said PET polyesters comprise at least about 90 mole% 
terephthalic acid or dimethyl terephthaiate and about 90 mole% ethylene glycol 
residues 

20 Polyethylene terephthalate based polyesters of the present invention can be 

prepared by conventional polycondcnsauon procedures well-known in the art. Such 
processes include direct condensation of the dicarboxylie acid(s) with the diol(s) or 
by ester interchange using a dialkyl dicarboxylate. For example, a dialkyi 
terephthalate such as dimethyl terephthalate is ester interchanged with the diol(s) at 

25 elevated temperatures in the presence of a catalyst. The polyesters may also be 
subjected to solid state polymerization methods. PEN polyesters may also be 
prepared by well known polycondensation procedures. 

Many other ingredients can be added to the compositions of the present 
inv ntion to enhance the performance properties of the polyesters. For example, 
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crystallization aids, impact modifiers, surface lubricants, denesting agents, 
stabilizers, antioxidants, ultraviolet light absorbing agents, metal deactivators, 
colorants, nucleating agents, fillers and the like can be included. All of these 
additives and many others and their use are well known in the art and do not require 
5 extensive discussion. Therefore, only a limited number will be referred to, it being 
understood that any of these compounds can be used so long as they do not hinder 
the present invention from accomplishing its objects. 

Ozone Scavenging Compounds 

10 Applicants have surprisingly found that a number of compounds which are 

known to reduce residual AA in polyesters also act as ozone scavengers when 
incorporated into containers for ozonated substances. Suitable ozone scavenging 
compounds include high molecular weight polyamides such as those disclosed in 
U.S. Patent 4,837,1 15; polyamides, polyalkyiene phenylene ester and polyailcylene 

15 phenylene ester ethers such as those disclosed in U.S. Patent 4,052,481; 

polyalkyiene imines particularly polyethylene imines such as those disclosed in U.S. 
Patent 5,362,784; and low molecular weight polyamides such as those disclosed in 
in US 5,340,884. Compounds having superior ozone scavaging capabilities and 
polyester compatibility are preferred. Suitable ozone scavaging compounds display 

20 a melting point below the melting point of the polyester (PEN, PET or blends 
thereof). Preferably said ozone scavaging compound is a polyamide and more 
preferably is a polyamide selected from the group consisting of low molecular 
weight partially aromatic polyamides having a number average molecular weight of 
less than 15,000, low molecular weight aliphatic polyamides having a number 

25 average molecular weight of less than 7,000 and wholly aromatic polyamides. 

Combinations of such polyamides are also included within the scope of the 
invention. By "partially aromatic polyamide" it is meant that the amide linkage of 
the partially aromatic polyamide contains at least one aromatic ring and a 
nonaromatic species. 
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The partially aromatic polyamides have an I.V. of less than about 0.8 dL/g. 
Preferably the I.V. of the partially aromatic polyamides is less than about 0.7 dL/g 
and the number average molecular weight is less than about 12,000. 

The aliphatic polyamides have an I.V. of less than about 1.1 dL/g. 
Preferably the I.V. of the aliphatic polyamides is less than about 0.8 dL/g and the 
number average molecular weight is less than about 6,000. Wholly aromatic 
polyamides comprise in the molecule chain at least 70 mole % of structural units 
derived from m-xyiylene diamine or a xylylene diamine mixture comprising 
m-xyiylene diamine and up to 30% of p-xylylene diamine and an tt£-aiiphatic 
dicarboxylic acid having 6 to 10 carbon atoms, which are further discribed in 
Japanese Patent Publications No. 1 156/75, No. 5751/75, No. 5735/75 and 
No. 10196/75 and Japanese Patent Application Laid-Open Specification 
No. 29697/75. Preferably the ozone scavangers of the present invention are selected 
from the low molecular weight polyamides described in US 5,340,884. 

Low molecular weight polyamides formed from isophthalic acid, terephthalic 
acid, cyclohexanedicarboxylic acid, meta- or /?ara-xylylene diamine, 1,3- or 
l,4-cyclohexane(bis)methylamine, aliphatic diacids with 6 to 12 carbon atoms, 
aliphatic amino acids or lactams with 6 to 12 carbon atoms, aliphatic diamines with 
4 to 12 carbon atoms, and other generally known polyamide forming diacids and 
diamines can be used. The low molecular weight polyamides may also contain small 
amounts of trifiinctional or tetrafunaionai comonomers such as trimellitic anhydride, 
pyromellhic dianhydride, or other polyamide forming polyacids and polyamines 
known in the art. 

Preferred low molecular weight partially aromatic polyamides include: 
poly(m-xyIylene adipamide), poly(hexamcthylene isophthalamide), 
poly(hexamethylene adipamide-co-isophthalamide), poly(hexamethylene adipamide- 
co-terephthalamide), and po!y(hexamethylene isophthalamide-co-terephthalamide). 
The most preferred low molecular weight partially aromatic polyamide is 
poly(w-xylylene adipamide) having a number average molecular weight of about 
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4,000 to about 7,000 and an inherent viscosity of about 0.3 to about 0.6 dL/g. 

Preferred low molecular weight aliphatic polyamides include 
poly(hexamethylene adipamide) and poly(caprolactam). The most preferred low 
molecular weight aliphatic polyamide is poly(hexamcthylene adipamide) having a 
number average molecular weight of about 3,000 to about 6,000 and an inherent 
viscosity of 0.4 to 0.9 dL/g. Low molecular weight partially aromatic polyamides, 
are preferred over the aliphatic polyamides where clarity and dispersibility are 
crucial. 

Preferred low molecular weight aliphatic polyamides include polycapramide 
(nylon 6), poly-co-aminoheptanoic acid (nylon 7), poly-^-aminonanoic acid 
(nylon 9), polyundecane-amide (nylon 1 1), polyaurylactam (nylon 12), polyethylene- 
adipamide (nylon 2,6), polytetramethylene-adipamide (nylon 4,6), 
polyhexamethylene-adipamide (nylon 6,6), polyhexamethylene-sebacamide 
(nylon 6,10), polyhexamethylene-dodecamide (nylon 6,12), polyoctamethylene- 
adipamide (nylon 8,6), polydecamethylene-adipamide (nylon 10,6), 
polydodecamethylene-adipamide (nylon 12,6) and polydodecamethylene-sebacamide 
(nylon 12,8). 

The low molecular weight polyamides are generally prepared by melt phase 
polymerization from a diacid-diamine complex which may be prepared either in situ 
or in a separate step. In either method, the diacid and diamine are used as starting 
materials. Alternatively, an ester form of the diacid may be used, preferably the 
dimethyl ester. If the ester is used, the reaction must be carried out at a relatively 
low temperature, generally 80 to 120°C, until the ester is converted to an amide. 
The mixture is then heated to the polymerization temperature. In the case of 
polycaproiactam, either caprolactam or 6-aminocaproic acid can be used as a 
starting material and the polymerization may be catalyzed by the addition of adipic 
acid/hexamethylene diamine salt which results in a nylon 6/66 copolymer. When the 
diacid-diamine complex is used, the mixture is heated to melting and stirred until 
equilibration. 
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The molecular weight is controlled by the diacid-diamine ratio. An excess of 
diamine produces a higher concentration of terminal amino groups. If the 
diacid-diamine complex is prepared in a separate step, excess diamine is added prior 
to the polymerization. The polymerization can be carried out either at atmospheric 
pressure or at elevated pressures. 

The composition or articles of the present invention may contain up to about 
two weight percent of the low molecular weight polyamides, preferably between 
about 0.05 to about 2 weight % of the polyester and more preferably less than about 
one weight percent. It has been determined that the use of polyamides at greater 
than about two weight percent based on the weight of the polyester cause 
undesirable levels of haze. 

The ozone scavengers may be added directly to the polyester or may be 
added through the use of a concentrate. 

The process for preparing the polyester/polyamide blends of the present 
invention involve preparing the polyester and low molecular weight polyamide, 
respectively, by processes as mentioned previously. The polyester and polyamide 
are dried in an atmosphere of dried air or dried nitrogen, or under reduced pressure. 
The polyester and polyamide are mixed and subsequently melt compounded, for 
example, in a single or twin screw extruder. Melt temperatures must be at least as 
high as the melting point of the polyester and are typically in the range of 
260-3 10°C. Preferably, the melt compounding temperature is maintained as low as 
possible within said range. After completion of the melt compounding, the 
extrudate is withdrawn in strand form, and recovered according to the usual way 
such as cutting. Instead of melt compounding, the polyester and polyamide may be 
dry-blended and heat-molded or draw-formed into plastic articles. 

The polyamide can be added in the late stages of polyester manufacture. For 
example, the polyamide can be blended with the molten polyester as it is removed 
from the polycondensation reactor, before it is pelletized This method, however, is 
not desirable if the polyester/polyamide blend will be subjected to solid state 
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polymerization since undesirable color and/or ha^e may develop during extended 
time at elevated temperatures. 

The ozone scavaging compound may be added directly to the polyester or as 
a concentrate. Where the ozone scavaging compound is added as a concentrate, the 
5 ozone scavaging compound is added to a carrier resin which may be, for example, 
polycarbonate, polyester copolymer, polyolefin and the like. 

Generally the concentrate comprises about 1 to about 99 weight % of a 
carrier resin comprising a dicarboxylic acid component comprising repeat units from 
at least about 60 mole percent aromatic dicarboxylic acid selected from the group 
10 consisting of terephthalic acid, naphthalenedicarboxylic acid and mixtures thereof, 
and a diol component comprising repeat units from at least about 50 mole percent 
ethylene glycol, based on 100 mole percent dicarboxylic acid and 100 mole percent 
diol and about 1 to about 99 weight 0 /© of a polyamide described above. More 
preferably the carrier resin is about 20 to about 99 and most preferably about 50 to 
1 5 about 99 weight percent. 

Generally between about 1 and about 20 weight percent of the concentrate is 
added to the base resin. More preferably about 1 to about 1 0 weight percent of the 
concentrate is added. It should also be understood that the base resin may contain 
small amounts of the ester form of the acid component, so long as the total amount 
20 of the ester form of the polyester/polyamide blend does not exceed about 20 weight 
%, and preferably not more than about 10 weight%. 

It is also understood that the polyamide resin could be added directly to the 
polymerization melt in a single step as opposed to adding subsequent processing 
steps. 

25 

ttepnfttion Process 

Ozonation is used for the purpose of disinfecting a liquid such as water 
which has been freed from its gross impurities to improve the odor and taste, and to 
eliminate dissolved organic matter by means of oxidation and micro-flocculation. 
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The residua] ozone in the disinfected water ranges from 0. 1 ppm to 30 ppm ozone, 
and generally decays over a very short period of time due to the inherent instability 
(high reactivity) of the ozone molecule. (The First International Symposium on 
Ozone for Water and Wastewater Treatment, Vol. 1 , Dec. 2-5, 1 973, The 
International Ozone Institute, Inc. Rice & Browning) 

Examples 

Example 1 - Eastapak® PET 992 1 W, (Eastman Chemical Company, I. V. - 
0.80) was dried for 6 hours at 1 50°F in Patterson dryer. The polyamide based 
additive (25 weight % polyhexamethyiene adipamide (0.43 I.V.) prepared as 
described in Example 1 U.S. 5,258,233 blended into Eastapak® PET 992IW in a 
25:75 wt% ratio) was dried at 65°C for 8 hours. 100 pans of Eastapak 9921 W 
resin were mixed with 1 pan of polyamide based additive, so that a homogeneous 
"salt and pepper" mix of pellets is achieved. The pellet mix was fed to the extruder 
of a "HUSKY" injection molding machine and preforms were injection molded using 
54 g, 8 cavity mold. All the preforms for this study were selected from the same 
cavity in the mold. 

A temperature of 277°C was maintained for injection molding and a total 
cycle time of 27.44 seconds. The preforms were blown into two liter bottles using a 
SIDEL SB02-3 RBM machine. Bottles were immediately capped. Bottles were 
filled with ozonated water containing 0.4 ppm ozone and stored at 20°C. 

The AA was measured using GC analysis as follows. An equilibniim (static) 
head space gas chromatographic (EHS-GC) method for the determination of parts 
per billion (ppb) levels of AA in water was used. 5 gm of water sample was placed 
in a sealed headspce vial in the presence of 2 gm of soduim chloride and heated at 
80C for 90 min using an automatic head space sampler. A portion of the head space 
gas was injected onto a GS-Q megabore capillary GC colum (J&W Scientific). The 
concentration of AA was then determined by a flame ionization detector (FID). An 
HP modle 5 890 A GC model was used. Acetaldehyde (AA) in the water was 3 ppb 
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after storing for 60 days. This is very low level of AA and acceptable for bottled 
water with no AA taste problem 

Example 2 (Control) - In this example, bottles were made from Eastapak 
PET 9921 W resin without any polyamide additive and glass. The processing 
conditions for the PET control were same as in Example 1 . A bottle of the same 
size and geometry was also made from glass These bottles were filled with 
ozonated water containing 0.4 ppm ozone and stored as in Example 1. After 
60 days storage, AA level in water stored in PET was 14 ppb and the AA level in 
the water stored in glass was less than 3 ppb. The AA values are summarized in 
Table I, below. 



Example 3 Bottles made as in Examples 1 and 2 were filled with ozonated 
water (0.4 ppm ozone) and stored at 55°C for 8 days. Acetaldehyde (AA) levels in 
the water are shown in Table 1, below. 



Bottle type 


AA(ppb) 


AA (ppb) 


Taste 




60 days @ 


8 days @ 






20°C 


55°C 




PET 


14 


26 


Undesirable 


PET + additive 


<3 


3 


None 


Glass 


< 3 


<3 


none 



Measured levels for AA in containers with an ozone scavaging compound at both 
room and elevated temperature are dramatically (5 times) lower than those in 
unmodified PET. 

This level of AA is surprisingly low, given the elevated storage temperatures. 



Example 4 

The above examples were repeated using non-ozonated water. At both 



WO 98/07786 



FCIYUS97/1452! 



- 13 - 

storage conditions the AA levels measured were less than 3 ppm in all three 
containers (glass, PET and PET with additive). Thus, because AA is not generated 
in either the glass containers or any of the containers filled with non-ozonated water 
it is clear that the source of the AA is an undesirable reaction between the 
unmodified PET and ozone. This is totally. Thus, prior to the recognition of the 
reaction between ozonated liquids and polyester containers it was totally unexpected 
that conventional AA additives would block the undesirable reaction between ozone 
and PET. Clearly the presence of ozone is somehow responsible for the generation of 
AA in the water. 
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WE CLAIM: 

1. A process for minimizing the formation of undesirable byproducts in 
ozonated liquids comprising the steps of: 

providing a container comprising a polyester comprising repeat units 
5 from a dicarboxylic acid component comprising at least about 85 mole percent 

terephthalic acid, 2,6-naphthalenedicarboxyiic acid or a mixture thereof and at least 
about 85 mole percent ethylene glycol; and from about 0.05 to about 2 weight % of 
at least one polyamide which displays a melting point below that of said polyester, 
and 

10 filling said container with an ozonated liquid. 

2. The process of claim 1 wherein the dicarboxylic acid component further 
comprises up to about 15 mole percent of at least one second dicarboxylic acid 
selected from the group consisting of aromatic dicarboxylic acids having 8 to 14 
carbon atoms, aliphatic dicarboxylic acids having 4 to 12 carbon atoms, 

15 cycloaliphatic dicarboxylic acids having 8 to 12 carbon atoms, and mixtures thereof 

3. The process of claim 2 wherein said second dicarboxylic acid is selected 
from the group consisting of phthalic acid, isophthalic acid, naphthalenedicarboxylic 
acid, cyclohexanedicarboxylic acid, cyclohexanediacetic acid, 
diphenyl-4,4-dicarboxylic acid, succinic acid, giutaric acid, adipic acid, azelaicacid, 

20 sebacic acid, and mixtures thereof 

4. The process of claim 1 wherein said polyester further comprises up to 
about 15 mole percent, at least one additional diol. 

5. The process of claim 4 wherein said additional diol is selected from the 
group consisting of cycloaliphatic diols having 6 to 20 carbon atoms and aliphatic 

25 diols having 3 to 20 carbon atoms 

6. The process of claim 5 wherein said additional diol is selected from the 
group consisting of diethylene glycol, methylene glycol, 1,4-cyclohexanedimethanol, 
propane- 1,3-diol, butane- 1,2-dioI, pentane-l,5-diol, hexane-l,6-dioI, 
3-methylpentanediol-(2,4), 2-methylpentanediol-(1 ,4), 
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2,2,4-trimethyIpentane-dioI-(l,3), 2-ethylhexanediol- (1,3), 
2,2-diethylpropane-diol-(l,3), hexanedioi-0,3), l,4-di-(hydroxyethoxy)-benzene, 
2,2-bis-(4-hydroxy-cyclohexyI)-propane, 2,4-dihydroxy-l , 1,3,3-tetramethyI- 
cyclobutane, 2,2-bis-(3-hydroxyethoxyphenyl)-propane, 
2,2-bis-(4-hydroxypropoxyphenyI)-propane and mixtures thereof. 

1. The process of claim 1 wherein said polyamide is selected from the group 
consisting of low molecular weight partially aromatic polyamides having a number 
average molecular weight of less than 1 5,000, low molecular weight aliphatic 
polyamides having a number average molecular weight of less than 7,000, wholly 
aromatic polyamides and mixtures thereof. 

8. The process of claim 7 wherein said polyamide comprises a low molecular 
weight partially aromatic polyamide is selected from the group consisting of 
poly(/w-xylylene adipamide), poly(hexamethy!ene isophthalamide), 
poly(hexamethylene adipamide-co-isophthalamide), po!y(hexamethylene adipamide- 
co-terephthalamide), poly(hexamethylene isophthalamide-co-terephthalamide) and 
mixtures thereof. 

9. The process of claim 8 wherein said low molecular weight partially 
aromatic polyamide is poly(/77-xylylene adipamide) having a number average 
molecular weight of about 4,000 to about 7,000 and an inherent viscosity of about 
0.3 to about 0.6 dL/g. 

10. The process of claim 7 wherein said polyamide comprises at least one 
low molecular weight aliphatic polyamide selected from the group consisting of 
polycapramide (nylon 6), poly-co-aminoheptanoic acid (nylon 7), 
pofy-a>-aminonanoic acid (nylon 9), polyundecane-amide (nylon 1 1), polyaurylactam 
(nylon 12), polyethylene-adipamide (nylon 2,6), polytetramethylene-adipamide 
(nylon 4,6), polyhexamethylene-adipamide (nylon 6,6), polyhexamethylene- 
sebacamide (nylon 6,10), polyhexamethylene-dodecamide (nylon 6,12), 
polyoctamethylene-adipamide (nylon 8,6), polydecamethylene-adipamide 

(nylon 10,6), polydodecamethylene-adipamide (nylon 12,6) and 
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polydodecamethylene-sebacamide (nylon 12,8) 

1 L The process of claim 7 wherein said polyamide comprises a low 
molecular weight aliphatic polyamide selected from the group consisting of 
poly(hexamethylene adipamide), poly(caprolactam) and mixtures thereof 
5 12. The process of claim 7 where in said polyamide comprises 

poly(hexamethy!ene adipamide) having a number average molecular weight of about 
3,000 to about 6,000 and an inherent viscosity of 0.4 to 0.9 dL/g. 

13. A container comprising a polyester comprising repeat units 
from a dicarboxylic acid component comprising at least about 85 mole percent 
10 terephthalic acid, 2,6-naphthaIenedicarboxylic acid or a mixture thereof and at least 
about 85 mole percent ethylene glycol; and from about 0.05 to about 2 weight % of 
at least one polyamide which displays a melting point below that of said polyester, 
wherein said container is filled with an ozonated liquid which contains no more 
acetaldehyde than a non-ozonated liquid in a container formed from said polyester.. 
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